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Abstract The study was carried out to determine the content
of mercury in bone tissue of the proximal femur (head and
neck bone) of 95 patients undergoing total hip replacement
due to osteoarthritis, using CF-AFS analytical technique.
Furthermore, the investigations were aimed at assessing the
impact of selected factors, such as age, gender, tobacco
smoking, alcohol consumption, exposure to chemical sub-
stance at work, type of degenerative changes, clinical evalua-
tion and radiological parameters, type of medications, on the
concentration of mercury in the head and neck of the femur,
resected in situ. Mercury was obtained in all samples of the
head and neck of the femur (n = 190) in patients aged 25–
91 years. The mean content of mercury for the whole group of
patients was as follows: 37.1 ± 35.0 ng/g for the femoral neck
and 24.2 ± 19.5 ng/g for the femoral head. The highest Hg
contents were found in femoral neck samples, both in women
and men, and they amounted to 169.6 and 176.5 ng/g, respec-
tively. The research showed that the mercury content of bones
can be associated with body mass index, differences in body
anatomy, and gender. The uses of statistical analysis gave the
possibility to define the influence of factors on mercury con-
tent in human femoral bones.
Keywords Mercury . Femoral bone . CV-AFS technique .
Environment factors . Body mass index
Introduction
It is well known that mercury is an element which is highly
toxic for humans, animals, plants, and microorganisms (Wolfe
et al. 1998; Wang et al. 2012, Pérez-Sanz et al. 2012,
Kowalski and Frankowski 2015, Sanchez-Chardi et al.
2007). It exhibits mutagenic and teratogenic properties, and
can be accumulated in the human body (Clarkson et al. 2007,
Kowalski and Frankowski 2015). Mercury exists in several
forms, as inorganic mercury (metallic mercury and mercury
vapor—Hg0; mercurous—Hg2
++; or mercuric—Hg2+ salts)
and organic mercury (compounds with methyl, ethyl, phenyl,
or similar groups) (Syversen and Kaur 2012). Methylmercury
(Me-Hg) is the most toxic form, Hg2+ and Hg+1 compounds
are less toxic, and Hg0 is the least toxic form (Bernhoft 2012).
Mercury is mainly used in the production of biocides, batte-
ries, and dental amalgam fillings in industrial electrolysis and
in the extraction of gold. However, most of this metal (in the
form of Hg0 vapor) is emitted into the atmosphere via fossil
fuel-based production of electricity (coal, lignite, and crude oil
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burning) (Lanocha et al. 2013). The toxicity of mercury varies
depending on its form, dose, and rate of exposure (Nordberg
et al. 2014). For example, elemental mercury is very mobile,
mainly due to its volatility; it can easily cross the blood–brain
barrier; however, it is quickly oxidized to inorganic mercury in
the blood and other tissues (Halbach and Clarkson 1978; Eide
and Syversen 1983). The target organ for inhaled mercury
vapor is primarily the brain (Nordberg et al. 2014).
Mercurous and mercuric salts were found mainly to damage
the gut lining and kidneys, while methylmercury can be wide-
ly distributed throughout the body. As stated before, mercury
toxicity also varies with dosage: a large acute exposure to
elemental mercury vapor induces severe pneumonitis, which
in extreme cases, can be fatal, while low-grade chronic expo-
sures to elemental or other forms of mercury induce more
subtle symptoms and clinical findings (Tchounwou et al.
2003). Contents of Hg in mammalian tissues vary between
0.02 and 0.25 mg/kg, being the highest in kidneys and the
lowest in muscles (Jørgensen 2000). Mercury mean concen-
trations in human fluids were reported at 5.3 μg/l in blood,
2.1 μg/l in serum, and 3.5 μg/l in urine (Reimann and Caritat
1998). Mercury can also be deposited in skeletal elements
(Zaichick et al. 2011), where it remains until bone remodeling
is complete or the resorption occurs (Miculescu et al. 2011). It
should also be pointed out that almost 75 % of heavy metals,
including mercury, is deposited in the bones during adoles-
cence, and the value can increase to 95 % in adults who are
professionally exposed to metals (Miculescu et al. 2011). Due
to the clear influence of mercury on human health, it is nec-
essary to continue investigations on this metal in different
human tissues and on the possible health effects posed by
particular mercury concentrations.
The primary aim of this study was tomark using cold vapor
atomic fluorescence spectrometry (CV-AFS) method the con-
tent of mercury in the femoral head (cancellous bone) and
femoral neck (cortical bone) of patients subjected to total hip
replacement surgery for osteoarthritis. The current study was
performed to (1) find differences in the content of mercury
between the femoral head and neck, according to gender,
age and body mass index (BMI); (2) estimate possible corre-
lations between the content of mercury in the femoral bone
and selected factors; and (3) investigate whether the deter-
mined content of mercury in the femoral head and neck may
be indicative of increased risk.
Materials and methods
Bone samples
The samples from 95 patients were taken during surgical op-
eration on for total hip replacement (THR). The study was
approved by the Bioethics Committee of the Karol
Marcinkowski University of Medical Sciences in Poznań,
Poland (approval no. 172/14). Patients included in the study
gave their consent to use their tissues for research purpose and
made the personal query. The femoral bone was obtained in-
traoperatively from the patients, acquired during hip replace-
ment procedure. In all cases, the indication for the procedure
was idiopathic osteoarthoris of the hip joint. The analysis was
executed for two anatomic regions of each type of resected
fragment in situ with an orthopedic oscillating saw: the fem-
oral head (FH) and femoral neck (FN). The samples were
taken without articular capsule and without articular cartilage.
After resection, the sample was frozen in −20 °C.
In the study, female patients were included in six age
groups (A 20–40; B 41–50; C 51–60; D 61–70; E 71–80; F
>80) and male patients in five age groups; there were no male
patients from age group A (20–40). Detailed and accurate
information about characteristics of patients and femoral bone
samples are presented in the studies by Zioła-Frankowska
et al. (2015a, b).
Analytical methods
The frozen femoral bone samples were freeze dried using a
Lyovac lyophilizer GT2e (Steris, Germany) for 24 h. After
drying, the samples were weighed and mineralized with
suprapure nitric acid (V) (Merck, Germany) in a microwave
system (Mars 5 Xpress CEM, USA) according to procedure
developed by, e.g., Zioła-Frankowska et al. (2015a). Mercury
concentrations were determined (in the three replications)
using a CV-AFS (Millennium Merlin Analyzer 10.025, PS
Analytical, England) in all tested femoral bone samples. The
percent relative standard deviation (% RSD) for the CV-AFS
analytical technique did not exceed 5 %. The analytical agents
used for mercury determination were of the highest available
analytical grade. For the preparation of the reducing solution,
the Tin (II) chloride was used (Merck, Darmstadt, Germany).
The working standard solutions were prepared on the day of
analysis by diluting the stock standard solution of Hg(NO3)2
(1000 ± 4 mg L−1) with 12 % HNO3 (Sigma-Aldrich, USA).
The laboratory glass used were made of boron–silica glass of
the highest quality and were soaked in 10 % (v/v) nitric acid
(Sigma-Aldrich, USA) for 24 h and washed three times with
deionized water (water was previously purged with argon for
6 h to remove traces of mercury). Additionally, to check and
ensure the applied method, a standard reference material SRM
1515 Apple Leaves (National Institute of Standards and
Technology, USA) was used. The SRM which is suitable for
human bone (SRM 1400 of bone ash from National Institute
of Standard and Technology) is not certified for mercury
which is not present in composition of SRM material. The
method recovery was 98.1 ± 3.5 %. The limit of quantification
(LOQ) of the analytical instrument was 0.8 ng Hg L−1.
Presented analytical method for the determination of total
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mercury has been applied by, e.g., Kowalski and Frankowski
(2015, 2016) and Siudek et al. (2016). Based on obtained data
of mercury content in femoral head and neck samples, the
statistical analysis was conducted with PL v.7.0 (StatSoft,
USA) software. The Shapiro–Wilk and Mann–Whitney U
tests (p < 0.05) were used to check the normal distribution
of results and to investigate significant differences and rela-
tionship between environmental factors and mercury content,
respectively.
Results
Mercury content was significantly higher in the femoral neck
(Table 1). The results of mercury content in samples of the
femoral head and neck samples according to different factors
are presented in Table 1.
For women, the highest content of mercury in the neck of
the femur (169.6 ng/g) was detected in the sample from age
group E and the highest value in the femoral head (128.5 ng/g)
for a sample from age group D. In the femoral neck samples,
we observed higher content of mercury as compared to the
femoral head (Fig. 1). Also, for a sample from age group 71–
80, we found that mercury content was 20 times lower in the
femoral head (8.4 ng/g in FH and 169.6 ng/g in FN, age 79).
As well, the content of mercury increased with age, particu-
larly for femoral neck (FN) samples. In female patients youn-
ger than 40 years old, the average mercury content in FN
samples was 24.3 ng/g and in patients >40–37.2 ng/g.
The lowest value for male femoral head samples was ob-
served in age group B (8.4 ng/g) and the highest in age group
C (90.2 ng/g). While for femoral neck samples, the lowest
content was obtained in age group E (5.9 ng/g) and the highest
in age group D (176.5 ng/g). In terms of age of male patients,
it was found that the highest content of mercury occurred in
Table 1 Content of mercury (in ng/g on dry mass basis) in the femoral head and neck samples, according to various factors (N = 95)















Total mercury content 17.3 (11.7–32.2) (3.6–128.5) 0.01 26.3 (12.5–48.5) (2–176.5) 0.01
Age <60 (n = 37) 15.2 (11.7–29.5) (7.4–90.2) NS 24.9 (12.2–39.3) (8–146) NS
>60 (n = 58) 18 (11.8–32.8) (3.6–128.5) 26.85 (13–50.8) (2–176.5)
Gender Women (n = 57) 15.7 (10.3–27.6) (3.6–128.5) NS 25.1 (12.2–44.2) (2–169.6) NS
Men (n = 38) 20.05 (13.1–32.7) (8.4–90.2) 30.7 (14.7–48.6) (5.9–176.5)
Type of
osteoarthritis
Primary idiopathic (n = 54) 18 (11.8–32.7) (3.6–65.7) NS 29.8 (13.1–48.5) (2–169.6) NS
Secondary developmental dysplasia of the
hip (n = 41)




Yes (n = 13) 20.2 (14.3–38.6) (8.8–90.2) NS 23.5 (16.4–51.9) (6.7–176.5) NS
No (n = 82) 15.8 (11.3–31) (3.6–128.5) 26.5 (12.2–40) (2–169.6)
Place of residence City (n = 71) 15.5 (11.7–32.2) (7.2–90.2) NS 26.3 (12.5–44.2) (5.9–169.6) NS
Village (n = 24) 20.05 ( 11.6–28.95) (3.6–128.5) 27.6 (13.5–52.85) (2–176.5)
Contact with paints No (n = 86) 16.6 (11.7–29.5) (3.6–128.5) NS 27.65 (13.3–50.8) (2–176.5) <0.01
Yes (n = 9) 32.7 (11.8–38.6) (8.4–90.2) 11.8 (9.4–16.4) (5.9–31.3)
Chemicals No (n = 66) 17.3 (11.7–31) (3.6–128.5) NS 26.7 (14.8–48.5) (2–176.5) NS
Yes (n = 29) 15 (11.8–32.7) (8.4–90.2) 16.4 (10–40) (5.9–99.3)
Physical activity Yes (n = 80) 17.3 (11.9–31.9) (3.6–128.5) NS 26.9 (13.2–48.6) (2–176.5) NS
No (n = 15) 14.3 (9.7–32.2) (8.3–90.2) 15.6 (11–34.4) (6.7–169.6)
Fish consumption No (n = 87) 17.3 (11.7–32.2) (3.6–128.5) NS 26.3 (13.1–48.5) (2–176.5) NS
Yes (n = 8) 14.3 (11.2–25.25) (7.2–37.6) 22 (11.4–42.9) (9.7–51.5)
High tea
consumption
Yes (n = 16) 22.75 (13–32.5) (9.7–90.2) NS 30.4 (14–60.9) (8.9–146) NS
No (n = 79) 15.9 (11.1–31) (3.6–128.5) 25.7 (12.2–44.2) (2–176.5)
High coffee
consumption
Yes (n = 9) 19.9 (11.8–28.2) (9.4–65.7) NS 55.1 (24.9–80.7) (8.9–176.5) NS
No (n = 86) 15.8 (11.7–32.2) (3.6–128.5) 25.9 (12.5–39.3) (2–169.6)
Smoking Non-smoker (n = 72) 16.6 (11.9–28.3) (3.6–128.5) NS 26.5 (13.8–48.55) (2–176.5) NS
Smoker (n = 23) 23.3 (11.1–34.2) (7.9–90.2) 24.9 (10.4–44.2) (8.1–101)
Alcohol
consumption
Yes (n = 49) 18.3 (12–32.7) (7.9–90.2) NS 30.4 (12.5–51.9) (5.9–176.5) NS
No (n = 46) 15.6 (11.1–28.2) (3.6–128.5) 25.35 (13–37.4) (2–169.6)
Med. median, QL lower quartile, QU upper quartile, M–WUMann–Whitney U test, p level of significance, NS difference not significant
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the groups of younger patients (<60 years of age) and the
oldest patients (median 40.2 and 89.4 ng/g, respectively).
However, these age groups were not numerous (n = 4 and
n = 2, respectively), and the result can be overestimated.
Moreover, considering all male patients, it was found that
mercury contents were higher in femoral neck than in femoral
head samples (similar trend as in the case of female samples)
(Fig. 2).
The content of mercury in the femoral head and neck of
men and women, depending on age, is shown in Fig. 3. There
was no significant differences observed between age groups
<60 and >60 (Table 1). The largest age group of all patients
was 61–70 years old, and the highest mercury content was
determined in that age range (means 29.6 ng/g in FH and
42.7 ng/g in FN). Comparing the remaining age groups re-
vealed the highest level of mercury in the femoral neck in
groups 51–60 and 61–70 years (median 32.1 and 30.4 ng/g,
respectively) and in the femoral head in the age group 61–
70 years (median 28.2 ng/g) (Fig. 3). In all 95 patients, we
did not notice any significant differences between age groups
in women and men for femoral neck and head (Kruskal–
Wallis and Mann–Whitney U test). However, we observed a
tendency to decrease mercury content with age in the neck of
the femur in men (median from 40.2 ng/g in age group 41–50
to 16.4 ng/g in age group 71–80).
Furthermore, the statistically significant increase in the
mercury content of the femoral head and neck that correlated
with the increase in body weight was observed (Table 2).




























Fig. 1 Median values of mercury
content of the femoral head and
neck of women, depending on age
(boxes indicate upper and lower
quartile, whiskers indicate
minimum and maximum values,
open circles indicate outlier
values, and asterisks indicate
extreme values). No significant
difference between the groups





























Fig. 2 Median values of mercury
content of the femoral head and
neck of men, depending on age
(boxes indicate upper and lower
quartile, whiskers indicate
minimum and maximum values,
open circles indicate outlier
values, and asterisks indicate
extreme values). No significant
difference between the groups
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Also, higher values of the body mass index (BMI) were con-
ducive to higher accumulation of mercury in the femoral neck
for all patients (Table 2). A statistically significant increase in
the mercury content of the femoral neck in women with the
increase in bodyweight and BMI (0.37 and 0.37, respectively)
was found. Figure 4 shows higher mercury content of the
femoral head and neck in overweight and obese female pa-
tients. We showed statistically significant difference in Hg
content between a normal BMI group and overweight group
(Mann–Whitney U test p = 0.02). Similar difference was
found between a normal BMI group and obese group
(Mann–Whitney U test: p = 0.01; Kruskal–Wallis test
p = 0.016). There were no significant differences between
the mercury contents in the femur in men, depending on body
weight and BMI (Fig. 5).
Table 2 presents Spearman correlation between mercury
content and clinical factors for all patients included in the
study. We observed that the severity of osteoarthritis (accord-
ing to Kellgren–Lawrence scale) and pain intensity (according
to visual analog scale [VAS]) was not correlated with mercury
content of the femoral head and neck. Other radiological pa-
rameters connected with bone sizes (width of cortical bone,
cortical index) did not correlate with mercury content
(Table 2).
Mercury content was analyzed in the female patients who
were taking various types of medications regularly at the time
of the study. Among women, the biggest group (n = 26)
consisted of patients taking cardiacs and medications to regu-
late blood pressure. It is worthy to underline that the highest
content of mercury in femoral neck and head was obtained in
this group of female patients. There were no significant dif-
ferences observed between taking and not taking cardiac me-
dicaments for femoral neck and head (Mann–Whitney U test;
p = 0.42). Despite this, based on the comparison of mean
mercury content, we observed the higher content of mercury
in the femoral bone from patients taking cardiac medications
(femoral head 26.57 ng/g; femoral neck 41.97 ng/g) than in
those who were not taking such medicaments (femoral head
19.05 ng/g; femoral neck 29.45 ng/g). In male patients, 13
confirmed regularly taking medicines for heart diseases at
the time of the research. There were no significant differences
between taking and not taking cardiac medications for femoral
neck (Mann–Whitney U test p = 0.98). However, in femoral
head, we confirmed that mercury levels are significantly in-
creased in men taking cardiac medications (Mann–WhitneyU
test: p = 0.03). We also observed that higher contents of Hg
were determined in femoral bone in patients who were not





























Fig. 3 Median values of mercury
content of the femoral head and
neck of all patients, depending on
age (boxes indicate upper and
lower quartile, whiskers indicate
minimum and maximum values,
open circles indicate outlier
values, and asterisks indicate
extreme values)
Table 2 Spearman correlation of the mercury content with clinical
factors (N = 95)
Femoral head Femoral neck
Clinical factors R p value R p value
Age −0.03 0.75 0.04 0.73
Body weight 0.21* 0.04* 0.24* 0.02*
Height 0.15 0.16 0.01 0.89
BMIa 0.18 0.08 0.28* 0.01*
NRSb 0.00 1.00 0.11 0.30
Kellgren–Lawrencec 0.07 0.50 −0.04 0.67
Width of cortical bone 0.13 0.21 0.13 0.19
Width of the bone 0.24* 0.02* 0.29* 0.01*
Cortical index −0.06 0.54 −0.08 0.43
*Statistically significant
a Calculation by formula BMI = Weight / (Height / 100)2 [kg/m2 ]
b Numerical Rating Scale
c Kellgren & Lawrence (1957)
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taking medicines for heart diseases. Nonetheless, it should be
underlined that in the group of male patients who were not
taking drugs for heart diseases, we had femoral neck and head
samples with the highest content of mercury.
The content of mercury was also examined in femoral head
(FH) and neck (FN) samples of female patients who were
cigarette smokers and alcohol drinkers for the duration of
the study. Average mercury content in the group of smokers
was 33.58 ng/g for FH and 39.14 ng/g for FN samples. In the
group of women who declared alcohol drinking, average mer-
cury content were slightly higher in the neck of the femur
(34.78 ng/g), as compared to the average mercury content in
the head of the femur (20.07 ng/g). In addition, five of the
female patients were both smokers and alcohol consumers,
and in this group, we did not find any significant differences
in the content of mercury between the head and the neck of the
femur. In male patients who were smokers, mercury levels
ranged from 8.4 to 90.2 ng/g in FH and from 9.4 to 88.2 ng/
g in FN. In patients who affirmed as a alcohol drinkers, we
observed similar range of mercury content like in the smokers
patients, both in the femoral head and neck samples. In pa-
tients who were both smokers and alcohol drinkers, there were
no differences in contents of mercury between femoral head
































Fig. 4 Mercury content of the
femoral head and neck of women,
depending on the BMI (boxes
indicate upper and lower quartile,
whiskers indicate minimum and
maximum values, open circles
indicate outlier values, and
asterisks indicate extreme
values). Normal BMI, between
18.5 and 24.9; overweight,
































Fig. 5 Mercury content of the
femoral head and neck of men,
depending on the BMI (boxes
indicate upper and lower quartile,
whiskers indicate minimum and
maximum values, open circles
indicate outlier values, and
asterisks indicate extreme
values). No significant difference
between the groups. Normal
BMI, between 18.5 and 24.9;
overweight, between 25 and 29.9;
obese, −30 and above)
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between all smoking patients and those who were not smokers
(Table 1).
In the study, it was examined if the profession related di-
rectly or indirectly with chemical substances can influence on
mercury content in male femur bones. The highest content of
mercury (88.9 ng/g) in the group of male patients (industrial
professions) was determined in a FH sample of the patient
who was a mechanic. The mean mercury contents in the fem-
oral bones of patients who declared working with chemicals
were 20.72 ng/g for FH and 30.77 ng/g for FN, and in male
patients who did not have contact with chemical substances at
work, the mean mercury contents were reported to be
27.84 ng/g for FH and 42.24 ng/g for FN. There were no
significant differences observed between group declared or
not working with chemicals (Mann–Whitney U test; FN
p = 0.27 and FH p = 0.29). The results obtained in this study
do not indicate the impact of profession on the level of mer-
cury in femoral samples of men.
Discussion
It is becoming increasingly important to assess the risk to
bone tissue from exposure to metals of environmental and
occupational origin. The processes of bone remodeling are
active throughout the lifespan and, therefore, can be an
indicator of metal accumulation in bone tissue from
long-term chronic exposure. The toxic effects may be re-
vealed after many years of exposure or may appear sud-
denly (Zioła-Frankowska et al. 2015a).
Mercury was detected in all the examined samples of the
head and neck of the femur. Much higher levels of mercury
were determined in the femoral neck than in the head of the
femur, both in male and female samples. In the studies of
Lanocha et al., mercury content was also significantly higher
in the femoral neck as compared to the femoral head (median
of 2.7 vs 1.8 ng/g dry weight) (Lanocha et al. 2012, 2013). It
should be underlined that the results of mercury content de-
termined by Lanocha et al. (2012, 2013) were 10 times lower
than the values in our study (Table 1). The differences can be
associated with the patients who were included in both studies
or with the preparation method. In the study by Lanocha et al.
(2012, 2013), bone samples were dried; in our study, bone
materials were freeze dried. In comparison, Hg content of
the cancellous tissue collected from medieval human bones
was up to 40 times higher than that of the cortical tissue
(Rasmussen et al. 2013). However, the study was carried out
only for a very small group (two skeletons). Rasmussen et al.
(2013) suggested that such high mercury content of the can-
cellous tissue taken from the femur and humerus could be
associated with the presence of organic mercury forms which
tended to concentrate in the soft tissues intermixed with the
cancellous bone. In the present study, we concluded that the
differences which we noticed could be related with the type of
bone tissues (cancellous bone from the femoral head and cor-
tical bone from the femoral neck) and the site from where the
tissue was harvested. The same finding was obtained for the
analysis of aluminum in the femoral head and neck (Zioła-
Frankowska et al. 2015b). Also, it is known that in the forma-
tion of cortical and cancellous bones, individual osteons
which are separated by cement lines are involved. Besides
cortical bone remodels slower then cancellous bones
(Pemmer et al. 2013). Pemmer et al. (2013) observed different
distributions of Zn, Pb, and Sr in femoral neck and head sam-
ples. Also, they obtained higher accumulation of metals in
cement lines than in adjacent mineralized bone matrix, which
may indicate a possibly different mechanism of analyzed
metals uptake. Furthermore, it was indicated that in bone
structural units, the concentration of metals depends on the
degree of mineralization. These findings also can indirectly
explain the differences in the determined content of mercury
in our analyzed femoral bones.
Furthermore, the levels of mercury content were different
in male and female samples. Lower values were obtained in
women, both in the head and in the neck of the femur.
However, these differences were not significant (Table 1).
The highest content of mercury for both groups of patients
was determined in the neck of the femur. Similarly, in the
study by Lanocha et al. (2012), mercury levels in the femoral
bone from male and female patients did not differ significant-
ly. In contrast, the analysis of mercury in biopsies of human
kidney cortex revealed three times higher concentrations in
women than in men (Vahter et al. 2002). Also, it was found
that mercury concentrations in human hair samples obtained
for women were higher as compared to men (Michalak et al.
2014; Olivero et al. 2002; Agusa et al. 2007).
At the same time, Barbosa et al. (2001) found significantly
lower total mercury concentration in women hair samples than
in men in their study. The similar observation was found in the
research by Skalnaya et al. (2016).
Although there were no significant correlations between
mercury content of the femoral bone and the age of the pa-
tients who have taken part in the present study, we observed
differences in the levels of mercury between the age groups. In
women, a significant increase in the concentration of mercury
in the neck of the femur was reported for patients >50 years of
age (Fig. 1), and in men, a significant increase in mercury
content was found in femoral neck samples of the oldest pa-
tients (>80 years), as compared to younger ones (41–50 years
old) (Fig. 2). Similar in the study by Skalnaya et al. (2016), the
content of Hg in hair was increased in men with age.
Furthermore, considering all patients (Fig. 3), it was observed
that the highest concentrations of mercury, both in the head
and in the neck of the femur, were determined in patients
>50 years of age. Also the higher content of mercury in blood
samples was obtained in older patients, both in men and in
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women (Mahaffey and Mergler 1998). By contrast, the medi-
an values of Hg concentrations in femoral neck and head
samples, determined in patients from two age groups (<60
and >60 years of age) by Lanocha et al. (2012), showed no
differences. Miculescu et al. (2011) determined higher con-
centrations of mercury in the >65 age group in the same type
of samples taken frommen. Michalak et al. (2014) reported an
increase in Hg content of hair samples with age (examined age
groups: from 0 to 10 years old to >60 years old). Skalnaya
et al. (2016) obtained significantly higher content of Hg in hair
samples in patients over 30 years of age compare to younger
patients (age group 10–29 years old). Also, the study by
McDowell et al. (2004) showed an increase in mercury con-
tent in hair with age (examined age groups: from 1 to 5 years
old to 16–49 years old). Oppositely, Barbosa et al. (2001)
found no statistically significant differences in mercury con-
tent in hair samples in tested age group (children and adults).
McDowell et al. (2004) has confirmed that total hair Hg is
associated with age. The same observations were made by
Dumon et al. (1998). Despite this, the accurate mechanism
of age-related Hg accumulation in human is not yet fully rec-
ognized. One of the proposed mechanisms is linked to
impaired excretion of mercury, for which the main way
of excretion is its secretion into the gastrointestinal tract
and urine. Taking to consideration that aging is linked
with reduction of liver and renal functions, the dysfunc-
tions of these organs may lead to damaged mercury
excretion (Skalnaya et al. 2014, 2016).
In the group of patients included in the present study,
there was no statistically significant difference between
the content of mercury in femoral bones and the fish con-
sumption. It should be pointed out that the consumption
of fish and seafood is the most common factor that is
given as one of the main sources of mercury for humans
(Agusa et al. 2007, Mahaffey et al. 2009). In the Asian
population, the Hg content of the bones was much higher
(2.75 mg/kg dw Hg) than in this study, which was con-
nected with different dietary patterns (people in Asia eat
large amounts of fish and seafood) (Chan Yoo et al.
2002). Lanocha et al. (2013) observed higher contents of
mercury in the femoral bones of Polish patients who con-
sumed fish and seafood several times a month compared
with the patients who did not consume fish and seafood or
consume such products only once a month. Also, several
other studies confirmed that the frequency of fish and
seafood consumption is closely related to mercury content
of human tissues (Johnsson et al. 2004; Fang et al. 2012).
Regarding smoking habits and mercury content of the
femoral bone, we did not find any associations being in
agreement with the observation by Michalak et al.
(2014), where the group who declared smoking ciga-
rettes was characterized by lower hair levels of Hg than
the non-smoker group.
In this study, we observed higher content of mercury in
female patients taking cardiac medications than in those who
were not taking such drugs. Kowalski and Frankowski (2015)
determined mercury in anticoagulants for ischemic heart dis-
ease (B) and in protection against heart and blood vessel dis-
ease (M) medications. The obtained contents of mercury were
2.6–15.7 ng/g (with mean 9.0 ± 4.6 ng/g) for (B) and 1.5–
476.1 ng/g (with mean 58.9 ± 156.5 ng/g) for (M) pharma-
ceuticals. It is worthy to underline that in the actual legislation
of the European Union, there are no restrictions of mercury
level in medicines. Also, the studies by Salonen et al. (1995,
2000) have confirmed the relationship between the accumula-
tion of mercury in the human body and the fast advancement
of atherosclerosis. Moreover, they observed 2-fold risk of in-
tense myocardial infarction (AMI) and fatality from coronary
heart disease (CHD) and cardiovascular disease (CVD) in
male patients with an raised hair content of mercury (>2 μg/
g) (Salonen et al. 2000; Salonen et al. 1995). Similar findings
about associations between blood mercury level and hyper-
tension and between blood mercury level and myocardial in-
farction were found in the other studies (Kim et al. 2014;
Valera et al. 2013; Tinkov et al. 2015). According to proven
relationship between the content of mercury in the human
body and cardiovascular disease, the observed higher content
of Hg in patients taking medicines associated with this disease
may be indicative that the drugs could be an additional source
of this metal for human.
It is worth to underline that in the present study, the Hg
content of the femoral bone was positively correlated with the
BMI, body weight, and width of the femoral bone, which was
particularly pronounced in women (Fig. 4). It should be
underlined that the correlation between the mercury content
of bones and the body mass index (BMI) was not recognized
in previous studies. Cho et al. (2014) found positive associa-
tions between the BMI and the whole blood Hg levels. In turn,
in the Korean study, mercury concentrations in the blood were
significantly higher in males than in females. Therefore, Hg
concentrations in the blood were associated with low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, and BMI (You et al. 2011). In contrast,
in the Brazilian study, the Hg content of hair was not correlat-
ed with BMI (Barbosa et al. 2001). Kim et al. (2010) showed a
significant correlation between the waist–hip ratio (but not
BMI) and blood Hg concentrations. The Russian study con-
ducted by Skalnaya and Demidov (2007) demonstrated that
the obesity in women significantly corresponded to elevated
hair Hg content. In other studies, Skalnaya et al. (2014) found
the significant correlation between BMI values and hair mer-
cury content both in men and in women. In the Polish study by
Michalak et al. (2014), the Hg content of hair positively cor-
related with BMI. The mechanisms of the relationship be-
tween mercury content and body weight are not fully under-
stood (Cho et al. 2014). One of the hypotheses is connected
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with the influence of the endocrine system (mainly estrogen)
on fat tissue and bones (Dermience et al. 2015), which may
indirectly confirm the finding that concentrations of Hg in the
cortical bone in patients without osteoporosis were about
60 % higher than in patients with osteoporosis (Lanocha
et al. 2013). Furthermore, high Hg levels in the blood were
linked with a lower risk of osteoporosis in postmenopausal
women (Cho et al. 2012). Another probable mechanism of
increased metal content in the organism during obesity can
be impaired metal excretion, for mercury is biliary secretion
(Skalnaya et al. 2014). Besides, Park et al. (2009) found that
highmercury concentration in hair may indicate increased risk
of metabolic syndrome, which is strongly associated with obe-
sity (Tinkov et al. 2015). This finding is consistent with the
statement by Barbosa et al. (2001), that factors, such as gen-
der, age, and BMI, can modulate metabolism of nutritive and
toxic metals. Also, the excellent review by Tinkov et al.
(2015) presented the role of mercury in pathogenesis of met-
abolic syndrome components: dyslipidemia, hypertension, in-
sulin resistance and obesity. However, to recognize the full
mechanism of the relationship between obesity and Hg body
burden, more data of content of mercury in serum, plasma,
and also the analysis of enzymes and hormones are needed.
The femoral bones of humans, which were the subject
of the present study, are the type of research material
which is rarely analyzed for mercury content. The regula-
tions concerning the daily intake of mercury for humans
are various, for example, 0.5 μg/Hg/kg/day by Food and
Drug Administration (USA) and 0.3 μg/Hg/kg/day by the
Agency for Toxic Substances and Disease Registry (USA)
(Clarkson 2002).
Yamamoto and Shima (2009) estimated the threshold body
burden (TBB) and threshold daily intake (TDI) of human
0.46 mg/kg and 0.0046 mg Hg/kg/day, respectively. In com-
parison to our results, the obtained concentrations of mercury
in femoral bone are lower and they do not pose a direct a threat
to the human. It should be emphasized that despite this, it does
not change the fact that femoral bone, as well as the hair or
blood, can be used as the biological indicator medium for
mercury in humans.
Conclusions
In this study, total mercury content was obtained in all samples
of the head and neck of the femur, both in women and in men.
In all the examined patients, higher concentrations of mercury
were measured in the neck of the femur than in the femoral
head. The analysis of the impact of various factors on the
mercury content of the femoral head and neck has led to the
following conclusions. In all patients, no statistically signifi-
cant correlations between the Hg content of the FN/FH and the
age of patients were found; however, the increase in mercury
content of the femoral neck with the age was observed in
women, and higher content of mercury in younger patients
(<60 years of age) and the oldest ones occurred in men.
Based on the results, we supposed that taking the heart disease
medicines can affect the accumulation process of mercury in
bone tissues of the femur. Also, this hypothesis needs to be
confirmed in additional population studies, which will allow
to find the association between the accumulation of mercury
in bone and types of taking medication. No statistically
significant associations between the content of mercury of
the femoral bone and the fish consumption, cigarette
smoking, drinking alcohol, working with chemical
substances, severity of osteoarthritis, pain intensity, and
radiological parameters were found. A statistically
significant increase in the mercury content of the femoral
head and neck with the increase in body weight was
obtained. A statistically significant increase in the Hg
content of the femoral neck with the increase in body
weight, and BMI was statistically confirmed only in women.
It is worthy to stress that these findings may be a good source
of data of the mercury content in women with different body
mass index. A statistically significant correlation between the
mercury content and the width of the femoral bone was
observed in all patients, while a statistically significant
correlation between the mercury content of the femoral neck
and the width of the femoral bone was demonstrated only in
men. The obtained results point out to the role of bone tissues
of the head and neck of the femur in the evaluation of possible
human exposure to mercury. To sum up, the toxic effects of
mercury are still not fully recognized. Therefore, it is
important to find a new indicator of real content of this
metal in the human body, especially as, like Clarkson (2002)
said, this metal still is considered as element of mystery.
Compliance with ethical standards The study was approved by the
Bioethics Committee of the Karol Marcinkowski University of Medical
Sciences in Poznań, Poland (approval no. 172/14).
Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
References
Agusa T, Kunito T, Sudaryanto A, Monirith I, Kan-Atireklap S, Iwata H,
Ismail A, Sanguansin J, Muchtar M, Tana TS, Tanabe S (2007)
Exposure assessment for trace elements from consumption of ma-
rine fish in Southeast Asia. Environ Pollut 145(3):766–777
Barbosa AC, Jardim W, Dorea JG, Fosberg B, Souza J (2001) Hair mer-
cury speciation as a function of gender, age, and body mass index in
inhabitants of the Negro River basin. Amazon, Brazil. Arch Environ
Contam Toxicol 40(3):439–444
Environ Sci Pollut Res (2017) 24:547–557 555
Bernhoft RA (2012) Mercury toxicity and treatment: a review of the
literature. J Environ Public Health 2012:10
Chan Yoo Y, Ki Lee S, Yeol Yang J, Wook Kim K, Lee S-Y, Min Oh S,
Hyuck Chung K (2002) Interrelationship between the concentration
of toxic and essential elements in Korean tissues. J Health Sci 48(2):
195–200
Cho S, Jacobs DR, Park K (2014) Population correlates of circulating
mercury levels in Korean adults: the Korea National Health and
Nutrition Examination Survey IV. BMC Public Health 14(1):527
Cho GJ, Park HT, Shin JH, Hur JY, Kim SH, Lee KW, Kim T (2012) The
relationship between blood mercury level and osteoporosis in post-
menopausal women. Menopause 19(5):576–581
Clarkson T (2002) The three modern faces of mercury. Environmental
Health Perspective 110(1):11–22
Clarkson TW, Vyas JB, Ballatori N (2007) Mechanism of mercury dis-
position in the body. Am J Ind Med 50:757–764
Dermience M, Lognay G, Mathieu F, Goyens P (2015) Effects of thirty
elements on bone metabolism. J Trace Elem Med Biol 32:86–106
Dumont C, Girard M, Bellavance F, Noël F (1998) Mercury levels in the
Cree population of James Bay, Quebec, from 1988 to 1993/94.
CMAJ 158(11):1439–1445
Eide I, Syversen TL (1983) Relationship between catalase activity and
uptake of elemental mercury by rat brain. Acta Pharmacol Toxicol
(Copenh) 52:217–223
Fang T, Aronson KJ, Campbell LM (2012) Freshwater fish-consumption
relations with total hair mercury and selenium among women in
eastern China. Arch Environ Con Tox 62:323
Halbach S, Clarkson TW (1978) Enzymatic oxidation of mercury vapor
by erythrocytes. Biochim Biophys Acta 523:522–531
Johnsson C, Sallsten G, Schutz A, Sjors A, Barregard L (2004) Hair
mercury levels versus freshwater fish consumption in household
members of Swedish angling societies. Environ Res 96:257
Jørgensen S (2000) Principles of Pollution Abatement, Pollution
Abatement for the 21st Century. Elsevier Science, Holland
Kellgren JH, Lawrence JS (1957) Radiological assessment of osteo-ar-
throsis. Ann Rheum Dis 16(4):494–502
Kim CW, Kim YW, Chae CH, Son JS, Park SH, Koh JC, Kim DS (2010)
The effects of the frequency of fish consumption on the blood mer-
cury levels in Koreans. Korean Journal of Occupational and
Environmental Medicine 22(2):114–121
KimYN, KimYA,YangAR, Lee BH (2014) Relationship between blood
mercury level and risk of cardiovascular diseases: results from the
fourth Korea National Health and Nutrition Examination Survey
(KNHANES IV) 2008–2009. Prev Nutr Food Sci 19(4):333–342
Kowalski K, Frankowski M (2015) Levels and potential health risks of
mercury in prescription, non-prescriptionmedicines and dietary sup-
plements in Poland. Regul Toxicol Pharmacol 73(1):396–400
Kowalski K, Frankowski M (2016) Seasonal variability of mercury
concentration in soils, buds and leaves of Acer platanoides and
Tilia platyphyllos in central Poland. Environ Sci Pollut Res
23(10):9614–9624
Lanocha N, Kalisinska E, Kosik-Bogacka DI, Budis H, Sokolowski S,
Bohatyrewicz A (2012) Concentrations of trace elements in bones of
the hip joint from patients after hip replacement surgery. J Trace
Elem Med Biol 26(1):20–25
Lanocha N, Kalisinska E, Kosik-Bogacka DI, Budis H, Sokolowski S,
Bohatyrewicz A, Lanocha A (2013) The effect of environmental
factors on concentration of trace elements in hip joint bones of
patients after hip replacement surgery. Ann Agric Environ Med
20(3):487–493
Mahaffey KR, Mergler D (1998) Blood levels of total and organic mer-
cury in residents of the upper St. Lawrence River Basin, Quebec:
association with age, gender, and fish consumption. Environ Res 77:
104–114
Mahaffey KR, Clickner RP, Jeffries RA (2009) Adult women’s blood
mercury concentrations vary regionally in the United States:
association with patterns of fish consumption (NHANES 1999–
2004. Environ Health Perspect 117(1):47–53
McDowell MA, Dillon CF, Osterloh J, Bolger PM, Pellizzari E, Fernando
R, Montes de Oca R, Schober SE, Sinks T, Jones RL, Mahaffey KR
(2004) Hair mercury levels in U.S. children and women of child-
bearing age: reference range data from NHANES 1999–2000.
Environ Health Perspect 112(11):1165–1171
Michalak I, Chojnacka K, Saeid A, Mikulewicz M (2014) Research on
mercury levels in scalp hair. Pol J Environ Stud 23(3):793–800
Miculescu F, Miculescu M, Ciocan LT, Ernuteanu A, Antoniac I, Pencea
I, Matei E (2011) Comparative studies regarding heavy elements
concentration in human cortical bone. Digest Journal of
Nanomaterials and Biostructures 6(3):1117–1127
Nordberg GF, Fowler BA, Nordberg M (2014) Handbook on the
Toxicology of Metals, 4th Edition. Academic Press, Elsevier
Science, Holland
Olivero J, Boris Johnson B, Arguello E (2002) Human exposure to mer-
cury in san Jorge river basin, Colombia ž South America. Sci Total
Environ 289:41–47
Park SB, Choi SW, Nam AY (2009) Hair tissue mineral analysis and
metabolic syndrome. Biol Trace Elem Res 130:218–228
Pemmer B, Roschger A, Wastl A, Hofstaetter JG, Wobrauschek P, Simon
R, Thaler P, Roschger K, Klaushofer K, Streli C (2013) Spatial
distribution of the trace elements zinc, strontium and lead in human
bone tissue. Bone 57(1):184–193
Pérez-Sanz A, Millán R, Sierra MJ, Alarcón R, García P, Gil-Díaz M,
Vazquez S, Lobo MC (2012) Mercury uptake by Silene vulgaris
grown on contaminated spiked soils. J Environ Manag 95:233–237
Rasmussen KL, Skytte L, Pilekær C, Lauritsen A, Boldsen JL, Leth PM,
Thomsen PO (2013) The distribution of mercury and other trace
elements in the bones of two human individuals from medieval
Denmark—the chemical life history hypothesis. Heritage Science
1(10):1–13
Reimann C, Caritat P (1998) Gettingmore out of the factsheets. Chemical
elements in the environment. Springer, Berlin Heidelberg, pp. 11–16
Salonen JT, Seppänen K, Lakka TA, Salonen R, Kaplan GA (2000)
Mercury accumulation and accelerated progression of carotid ath-
erosclerosis: a population-based prospective 4-year follow-up study
in men in eastern Finland. Atherosclerosis 148:265–273
Salonen JT, Seppanen K, Nyyssonen K, Korpela H, Kauhanen J, Kantola
M, Tuomilehto J, Esterbauer H, Tatzber F, Salonen R (1995) Intake
of mercury from fish, lipid peroxidation and the risk of myocardial
infarction and coronary, cardiovascular and any death in Eastern
Finnish men. Circulation 91:645–655
Sánchez-Chardi A, López-Fuster MJ, Nadal J (2007) Bioaccumulation of
lead, mercury, and cadmium in the greater white-toothed shrew,
Crocidura russula, from the Ebro Delta (NE Spain): sex- and age-
dependent variation. Environ Pollut 145(1):7–14
Siudek P, Frankowski M, Siepak J (2016) Atmospheric particulate mer-
cury at the urban and forest sites in central Poland. Environ Sci
Pollut Res 23:2341–2352
Skalnaya MG, Demidov VA (2007) Hair trace element contents in
women with obesity and type 2 diabetes. J Trace Elem Med
Biol 21(1):59–61
Skalnaya MG, Tinkov AA, Demidov VA, Serebryansky EP,
Nikonorov AA, Skalny AV (2014) Hair toxic element content
in adult men and women in relation to body mass index. Biol
Trace Elem Res 161:13–19
Skalnaya MG, Tinkov AA, Demidov VA, Serebryansky EP, Nikonorov
AA, Skalny AV (2016) Age-related differences in hair trace ele-
ments: a cross-sectional study in Orenburg, Russia. Ann Hum Biol
43(5):438–444
Syversen T, Kaur P (2012) The toxicology ofmercury and its compounds.
J Trace Elem Med Biol 26(4):215–226
556 Environ Sci Pollut Res (2017) 24:547–557
Tchounwou PB, Ayensu WK, Ninashvili N, Sutton D (2003)
Environmental exposure to mercury and its toxicopathologic impli-
cations for public health. Environ Toxicol 18(3):149–175
Tinkov AA, Ajsuvakova OP, Skalnaya MG, Popova EV, Sinitskii AI,
Nemereshina ON, Gatiatulina ER, Nikonorov AA, Skalny
AV (2015) Mercury and metabolic syndrome: a review of
experimental and clinical observations. Biometals 28(2):
231–254
Vahter M, Berglund M, Åkesson A, Lidén C (2002) Metals and women’s
health. Environ Res 88(3):145–155
Valera B, Dewailly E, PPoirier P (2013) Association between meth-
ylmercury and cardiovascular risk factors in a native population
of Quebec (Canada): a retrospective evaluation. Environ Res
120:102–108
Wang J, Feng X, Anderson CWN, Xing Y, Shang L (2012) Remediation
of mercury contaminated sites—a review. Environ Res 125:113–
123
Wolfe MF, Schwarzbach S, Sulaiman RA (1998) Effects of mercury on
wildlife: a comprehensive review. Environ Toxicol Chem 17:146–
160
Yamamoto R, Shima M (2009) Estimation of human maximum tolerable
intake for methylmercury based on two recent studies in monkeys.
Arch Toxicol 83(12):1043–1048
You CH, Kim BG, Kim JM, Yu SD, Kim YM, Kim RB, Hong YS (2011)
Relationship between blood mercury concentration and waist-to-hip
ratio in elderly Korean individuals living in coastal areas. J Prev
Med Public Health 44(5):218–225
Zaichick S, Zaichick V, Karandashev VK,Moskvina IR (2011) The effect
of age and gender on 59 trace-element contents in human rib bone
investigated by inductively coupled plasma mass spectrometry. Biol
Trace Elem Res 143(1):41–57
Zioła-Frankowska A, Dąbrowski M, Kubaszewski Ł, Rogala P,
Frankowski M (2015b) Factors affecting the aluminium content of
human femoral head and neck. J Inorg Biochem 152:167–173
Zioła-Frankowska, A, Kubaszewski, Ł, Dąbrowski, M., Kowalski, A.,
Rogala, P, Strzyżewski, W, Łabędź, W, Uklejewski, R, Novotny,
K, Kanicky, V, Frankowski, M., (2015a), The content of the 14
metals in cancellous and cortical bone of the hip joint affected by
osteoarthritis, BioMed Research International. Article ID 815648,
23 pages.
Environ Sci Pollut Res (2017) 24:547–557 557
